The study intends to assess the sustainability of super high-rise residential complexes from the viewpoint of residents. For the purpose of this study, the research first reviewed the KGBCC (Korean Green Building Certification Criteria) and related research materials. Secondly, it established sustainability indicators for assessment through synthesis of the KGBCC and UN Habitat Agenda. Finally, the assessment was completed by a survey of the residents of two similar super high-rise residential complexes.
Introduction 1.1 Background and objective of the research
Today, for the efficient use of urban land in response to the shortage of housing sites at new towns in both the capital and downtown areas, a number of super high-rise residential buildings, which have commercial facilities on lower floors and residential facilities on higher floors, are increasing rapidly. Furthermore, satisfying the short supply with demand for large-size high-class apartments, they are being established as a new type of housing. As we enter the 21 st century, the trend towards 30-story and higher super high-rise buildings is spreading.
In addition, such buildings are now being constructed worldwide. Currently, there are 2,056 super high-rise residential buildings of over 40 stories under construction or authorized to be built. The high-ranking countries in terms of the number of super high-rise residential buildings are China (985), the U.S. (392), the United Arab Emirates (134), Korea (76), Japan (59) and Australia (42).
Five out of the top 10 countries are in Asia, showing that Asian countries build many super high-rise apartments. Classifying by city, Hong Kong has the largest number of super high-rise residential buildings (920), which is followed by Dubai (112), New York (107), Chicago (90), Miami (61) and Seoul (44). Considering that Hong Kong is a city state, and New York and Chicago are the birthplaces of super high-rise buildings, Dubai and Seoul are rising as new cities with a large number of super high-rise apartments. 1) Although, super high-rise residential apartments can maximize land use and improve the convenience of residency, there will still be many problems: difficulty in natural ventilation as well as high maintenance expenses and heavy traffic (Tables 1., 2.).
In addition, there are continuous controversies over whether such buildings conform to the philosophy of sustainable development officially announced at the U.N. Conference on Environment and Development 1 in 1992 and the regulation on the emission of carbon dioxide according to the 2004 Kyoto Protocol for Preventing Global Warming. Recognition of environment-friendly buildings is increasing; Korea established the green building certification system in 2001 with this in mind. Moreover, assessment criteria applicable to super high-rise residential complexes have been developed since 2004.
Considering the current situation as presented above, it is time to evaluate super high-rise residential complexes. Thus, the present study assessed the sustainability of super high-rise residential complexes through the survey of residents.
Scope and method of research
To assess the sustainability of super high-rise residential complexes from the residents' viewpoint, we used the environmental assessment indicators of the green building certification system operated by the Korean government and the socio-economic sustainability assessment indicators used in Research III on Policies and Systems for the Development of Sustainable Human Settlements (the Ministry of Construction and Transportation, 2000), based on the certification system above. 2 For this study, we selected two super high-rise residential complexes (Table 4. ), which were similar in time of construction and the type of planning. In addition, to assess issues such as sick house syndrome recently raised as a big problem, we selected cases built more recently. Considering the research trends described above, recently, with the active construction of super high-rise residential complexes, relevant researches are also rapidly increasing. However few of them are for assessing the sustainability of super high-rise residential complexes as attempted by this study. As the environment-friendliness of super high-rise residential complexes is emerging as an important issue, this research is well-timed.
Research Trends

Social perception on super high-rise residential buildings
Recently, with the increase of super high-rise residential complexes, various social views are reported in the mass media.
3 Tables 1. and 2. show the results of investigating the advantages and disadvantages of super high-rise residential buildings from the environmental, social and economic perspective. Most people's opinions were in common, but there were some conflicting views depending on the location and size of super high-rise residential complexes.
The advantages of super high-rise residential complexes as reported in the mass media were; more green space through efficient land use, improvement regarding sunshine, lighting, view and openness, living convenience through the integration of convenience facilities, high safety and security, close distance between home and workplace, etc. On the other hand, the disadvantages of super high-rise residential complexes are; poor indoor ventilation, dizziness, anxiety, heavy traffic, high maintenance cost, etc. These disadvantages mainly come from the characteristics of the super high-rise buildings such as low accessibility to the ground, closed structure, and dependency on mechanical facilities. We derived assessment indicators, which meet conditions such as assessability of sustainability, assessability of super high-rise residential complexes and possibility of the survey of residents, mainly from indicators in the domestic environment-friendliness certification system and indicators for assessing socioeconomic sustainability in the study on Policies and Systems for the Development of Sustainable Human Settlements (III) centering on U.N. habitat agendas published by the Korean Government.
The classification system is composed of nine areas (land use, transportation, energy, material and resource, water resource, air pollution, maintenance, ecological environment and indoor environment).
Thus, excluding water resource, air pollution and maintenance due to their low possibility of survey with residents, we selected the other six areas, and added three items (space for public use and cultural facilities, social mix, safety and disaster prevention) for assessing socioeconomic sustainability derived from the research on Policies and Systems for the Development of Sustainable Human Settlements (III) (The Ministry of Construction and Transportation, 2000). Consequently, we selected nine survey areas.
As the current assessment criteria for certifying environment-friendly residential complexes were considered too difficult for residents to understand, we changed to use more understandable terms. As a whole, 25 assessment indicators were set as in Table 3 .
Results of Residents' Assessment Concerning Sustainability of Super High-rise Residential Complexes 4.1 Subject sampling
Subjects examined in this study were sampled through the following procedure.
First, we identified 40 thirty-story or higher super high-rise residential complexes in Seoul, Gyeonggi-do and Busan that had been completed and were currently occupied by residents as of October 2005.
Second, among the 40 cases, we selected 14 that could be analyzed accurately by design drawings provided by their design firm.
Third, among the 40 cases, we selected two complexes A (Acrovista) and G (Galleria Palace), from which we could survey sick house syndrome and environment-friendliness because they were completed recently and similar to each other in land use, layout type, the number of buildings, the number of households, building coverage and floor area ratio. 
Contents and method of survey
The questionnaire survey lasted 40 days from the 20 th of November to 29 th of December 2005, because of the characteristics of super high-rise residential complexes. In the survey, 850 questionnaires were distributed and 175 were returned. Excluding 11 inadequately answered ones, we analyzed 164 questionnaires. The collected data were analyzed by the SPSS/PC V12.0 package using analysis methods presented in Table 5 .
Survey items
In the survey, we asked the participants' demographical characteristics such as gender, age, the number of family members, the householders' occupation and family income, and the residents' patterns and residential characteristics such as house size, ownership, and year of move, floor, previous house and future plan to move. In addition, we added items related to the topic of this research such as residents' basic perception on environment-friendly super high-rise residential buildings and symptoms of sick house syndrome as well as satisfaction with and recognition of the importance of sustainability.
Survey results and analysis
Demographical characteristics
Of the respondents, 63.4% were female, and 36.6% male. By age, 34.1% were in their 50s, 59.7% in their 40s or 50s, comprising more than half of the respondents. Those in their 30s and 60s were 17.1% and 17.7%, respectively. As for the number of family members, 42.7% had four family members and 73.2% three or four, showing the trend of the nuclear family. By occupation, 30.9% were specialists, followed by the self-employed (27.2%) and office workers (22.0%). With regard to income, 40.9% had an annual family income (not householder's income) of 50~100 million won and 39% more than 100 million won, showing that most of the respondents are high-income families.
As for the type of ownership, 86.6% owned the unit, and 11.6% leased. The year of move was 2005 (66.5%) and 2004 (32.3%). As for unit size, because 198m 2 unit was the main type in both cases, 75.6% of the respondents were living in a unit of size between 165~228m 2 . As for the floor, the highest floor was the 46th in Case G and the 37th in Case A, and the largest number (28.7%) of the respondents were living between the 10th and 19th floor, while those on the 9th floor or below and those between the 20th and 29th floor were also 23.2% each, showing even distribution among the floors. Before moving to the super high-rise residential buildings, the residents were mostly lived in apartments (90.2%).
Basic perception on environment-friendly super highrise residential buildings
With regard to basic perception on environment-friendly super high-rise residential buildings, we asked about the respondents' opinion concerning compatibility with the concept of environment-friendly residential buildings, the symptoms of sick house syndrome, and factors harmful to health in comparison between super high-rise residential complexes and ordinary apartments. To the question about compatibility with the concept of environmentfriendly residential buildings 5 , 54.9% replied 'Somewhat high,' 'High' or 'Very high,' 24.2% 'Average,' and 20.7% 'Somewhat low,' 'Low' or 'Very low.' As for experience with sick house syndrome, 6 65.9% replied 'None' but 25.6% appeared to be currently suffering from the symptoms. Although more than half of the respondents did not experience sick house syndrome, some households were still feeling it, showing the existence of such problem.
Analysis of differences between the two complexes
Before the assessment of overall sustainability, we examined whether there are any differences between the two complexes. The results of surveying satisfaction and importance were quite similar as in Figs.4. and 5. However, slight differences were observed in satisfaction with accessibility to public transportation due to difference in location, with insulation and airtightness due to difference in exposure, with recyclable and domestic waste storing facilities due to slight difference in accessibility, and with Table 3 . Indicators for assessing the sustainability of super high-rise residential complexes Table 5 . Analysis methods by survey item safety and security system due frequent power outages before the survey. However, as these differences were not considered to matter in examining the trend of super high-rise residential complexes, we conducted a statistical analysis of the two complexes together. Differences in importance between the two cases were even slighter. There were slight differences in convenience for the disposal of food waste due to difference in accessibility and in rooftop garden due to slight difference in size but, as a whole; the trend was quite similar between the two cases. 4.4.4 Results of survey concerning satisfaction with sustainability
The survey was conducted based on items divided into nine groups. Changing assessment items using terms understandable to residents, we conducted a questionnaire survey on sustainability based on a 7-point scale from 'Very unsatisfactory' (1 point) to 'Very satisfactory' (7 points).
First, according to the result of analyzing the assessment scores of all the items, the mean score was 5.02 points, showing that satisfaction was not so high. Thus, it is concluded that residents do not highly assess the sustainability of super high-rise residential complexes.
As for satisfaction with each area, satisfaction with transportation was highest (5.68 points on the average) as in Fig.6 ., safety and disaster prevention (5.44), land use (5.31), public cultural facilities (5.29), use of materials and resources (5.22), and social mix (5.15). Areas with satisfaction lower than five points were energy (4.97), indoor environment (4.52) and ecological environment (4.21).
When satisfaction was analyzed by detailed item, in the area of land use, satisfaction was highest with apartment view (5.53) and next with harmony with the surrounding landscape (5.08).
In the area of transportation and communication, satisfaction with accessibility to public transportation was 5.88 points, with high-speed information communication 5.78 and with pedestrian passages 5.37, showing generally high satisfaction.
In the area of energy, only insulation and airtightness showed high satisfaction (5.12 points) and satisfaction with energy-saving electric facilities was lower than five, showing high power consumption.
In the area of material and resource recycling, convenience in disposing food waste and facilities for storing recyclable and domestic waste showed high satisfaction (5.79 and 5.32, respectively), but satisfaction with items related to design such as flexible layout (4.93) and the size of built-in closets (4.85) was relatively low.
In the area of ecological environment, satisfaction was generally low and particularly lowest with apartment rooftop garden (3.65), green area outside buildings (4.22) and condition of the ecological landscape outside of the buildings (4.77).
In the area of indoor environment, satisfaction was quite low. In particular, satisfaction with balcony indoor garden was lowest (4.19) and next the condition of natural ventilation (4.44), design in consideration of the weak, the old and the disabled (4.59), interior finishing with natural materials (4.60), and the healthiness of room air quality (4.62). This shows that residents are generally dissatisfied with the indoor environment of super high-rise residential complexes.
In the area of public cultural facilities, satisfaction with sports facilities was highest (5.80). Next, satisfaction was high with space for residents' autonomy and participation (5.15) and relatively low with cultural facilities (4.91).
In the area of social mix, satisfaction with the mix of various sizes of unit (5.15) was not particularly high compared to other items.
In the area of safety and disaster prevention, satisfaction with security system (5.66) and safety and alarm system (5.22) was high. 4.4.5 Results of survey on the importance of sustainability First, according to the result of analyzing the assessment scores of all the items, the mean score was 5.75 points, showing that importance was higher than satisfaction. Thus, it is concluded that residents recognize highly the importance of items related to the sustainability of super high-rise residential complexes.
As presented in Fig.7 ., the most important area was safety and disaster prevention (6.39 points on average), which was followed by energy (6.25), land use (5.95), the use of materials and resources (5.87), transportation (5.80), public cultural facilities (5.79) and indoor environment (5.77), showing relatively high importance. Areas of relatively low importance were social mix (5.15) and ecological environment (5.13).
When importance was analyzed by detailed item, as presented in Table 7 ., apartment view was most important (6.19) in the area of land use, the importance of harmony with the surrounding landscape was also high (5.71).
In
the area of transportation and communication, i m p o r t a n c e w a s 5 . 9 0 f o r a c c e s s i b i l i t y t o p u b l i c t r a n s p o r t a t i o n , 5 . 8 0 f o r h i g h -s p e e d i n f o r m a t i o n communication, and 5.71 for pedestrian passages, showing relatively high satisfaction in general.
In the area of energy, importance was high concerning energy-saving electric facilities (6.33) and insulation and airtightness (6.17) , showing high sensitivity to energy consumption.
In the area regarding the use of materials and resources, items closely related to real life showed high importance. In particular, the expansion of built-in closets (6.31) was most important, the use of natural materials for interior finishing (6.13) and convenience in disposing food waste (6.09). However, the importance of flexible and changeable layout (5.23) was relatively low.
In the area of ecological environment, all items except green area outside of the buildings (6.08) showed low importance. In particular, the condition of ecological landscape outside buildings was 4.91 points, balcony indoor garden 4.54 and rooftop garden 4.41. Accordingly, the quantitative expansion of outdoor green zones was found to be urgent.
In the area of indoor environment, items related to indoor pleasantness such as the healthiness of room air quality (6.25) and the condition of natural ventilation (6.18) appeared important, while other items such as design in consideration of the weak, the old and the disabled (5.74) were relatively less important. This shows that the importance of the pleasantness of indoor environment is relatively high in super high-rise residential complexes.
The importance of sports facilities for the residents was highest (6.28), space for residents' autonomy and participation (5.57) and cultural facilities for residents (5.53 ). This shows residents' high interest in activities through public cultural facilities.
In the area of social mix, the mix of various sizes of unit (4.12) showed the lowest importance. As most units in the super high-rise residential complexes are large and luxurious in size, the residents have a low perception regarding social mix.
In the area of safety and disaster prevention, items related to security such as security system (6.41) and safety alarm system (6.37) were all highly important. This shows that residents regard this area as most important.
Comparative analysis of satisfaction and importance by area
According to the result of calculating improvement priority index through dividing the importance score by the satisfaction score for each area, as in Table 8 ., the area of indoor environment was highest, followed by energy (1.26), ecological environment (1.22), safety and disaster prevention (1.17), use of materials and resources (1.124), land use (1.12), public cultural facilities (1.09), transportation (1.02) and social mix (1.00). This shows that almost every area needs improvement, and in particular indoor environment and energy need urgent improvement.
Comparative analysis of satisfaction and importance by item
As in Table 9 ., we identified 10 items that need urgent improvement. They are green area outside of the buildings in the ecological environment, healthiness of room air quality, condition of natural ventilation and interior finishing with natural materials in the indoor environment, energy-saving electric facilities, the expansion of builtin closets in the use of materials and resources, design in consideration of the weak, the old and the disabled in indoor environment, safety alarm system in safety and disaster prevention, apartment rooftop garden in the ecological environment, and insulation and airtightness concerning energy.
Conclusions
The present study assessed the sustainability of super high-rise residential complexes from the residents' viewpoint. Conclusions drawn from this research are as follows. First, with regard to the environment-friendliness of super high-rise residential complexes, 20.7% of the respondents replied in the negative, while 54.9% were positive. In addition, 65.9% replied that they did not have any symptom of sick house syndrome but 25.6% replied that they had, showing that super high-rise residential complexes still need to be improved regarding their environment-friendliness and indoor environment. This survey result reveals the necessity of improving environment-friendliness and solving the problem of sick house syndrome in super high-rise residential complexes.
Second, overall satisfaction was 5.02, which is not a high level, showing that the residents did not highly assess the sustainability of super high-rise residential complexes. As for satisfaction by area, satisfaction with transportation was highest because of the location characteristic of super high-rise residential complexes (developed in commercial districts). In addition, satisfaction with areas such as safety and disaster prevention, land use, public cultural facilities, the use of materials and resources and social mixture was relatively high, and that with areas such as energy, indoor and ecological environment was relatively low in the result of the assessment. This shows that super high-rise residential complexes have weak points in the ecological planning of outdoor space, in planning healthy indoor environment, and energy saving. Thus, these weak points need to be improved. Third, as for satisfaction by item, in the area of energy, it is important to lower maintenance costs through reducing energy consumption. On the other hand, in the area of materials and resources, it is necessary to reduce the use of furniture by expanding built-in closets. In the area of ecological environment, critical items were the expansion of green zone ratio, the creation of natural habitats, the application of ecological environment in consideration of the ecosystem, and so on. In the area of indoor environment, urgent improvement was required in the provision of indoor green space and items related to indoor air quality such as the use of materials emitting less volatile organic compounds, the design of natural ventilation, and air purification. In the area of public space and cultural facilities, cultural space for residents was highly demanded. In the area of safety and disaster prevention, supplementary measures for safety alarm and security appeared as an important item.
Fourth, according to the result of analyzing overall importance, the mean score of importance was 5.75 point. This shows that residents regard the importance of the sustainability of super high-rise residential complexes to be of greater importance than their satisfaction with them, and overall improvement is required concerning sustainability.
Fifth, as for the direction of improving super high-rise residential complexes, according to the result of comparing satisfaction with importance by area, indoor environment and energy showed higher importance than satisfaction. In the areas of ecological environment and social mix, both satisfaction and importance were low and this suggested the necessity of changing residents' mind concerning the sustainability of these areas.
Sixth, as presented in Table 9 ., we analyzed the priority in improving super high-rise residential complexes and identified the 10 most urgent items to be improved. Of them, five items belonged to the area of indoor environment, three to ecological environment and two to the use of energy resources. By item, they were apartment rooftop garden, balcony indoor garden, green area outside of the buildings, the condition of natural ventilation, design in consideration of the weak, the old and the disabled, interior finishing with natural materials, the healthiness of room air quality, the condition of ecological landscape outside buildings, energysaving electric facilities, and the expansion of built-in closets.
As presented in Table 9 ., the ten items to be improved, which were identified from the perspective of importance, included three items in the area of indoor environment, two in each of land use, safety and disaster prevention and energy, and one in public and cultural facilities. By item, they were in harmony with the surrounding landscape, security system, safety alarm system, energy-saving electric facilities, the expansion of built-in closets, sports facilities for the residents, the healthiness of room air quality, apartment view, the condition of natural ventilation, and insulation and airtightness. Table 6 . Results of survey on residents' satisfaction Fig.7 . Comparison of average importance by area
As presented in Table 9 ., the ten most urgent items to be improved identified through comparison between satisfaction and importance, included five items in the area of indoor environment, two in each of ecological environment and energy, and one in safety and disaster prevention. By item, they were green area outside of the buildings, the healthiness of room air quality, the condition of natural ventilation, interior finishing with natural materials, energy-saving electric facilities, the expansion of built-in closets, design in consideration of the weak, the old and the disabled, safety alarm system, apartment rooftop garden, and insulation and airtightness.
In this research, we assessed the sustainability of super high-rise residential complexes from the residents' viewpoint using two similar cases. However, it is necessary to extend the research to cases with various conditions. In addition, this study was limited to super high-rise residential complexes constructed in commercial districts and it is desirable to include such residential complexes built in ordinary residential districts. Table 8 . Improvement priority index by area
